Rice Extraction year-round to screen accessions of rice for weed control potential to determine which accessions should be further tested in the field. This
Approximately 15 seeds were placed in 100 g of soil sieved could be done in a relatively short time using a small amount of space through a 2-mm mesh in the rice growing region of Stuttgart, removed, cut into approximately 1-cm lengths, and placed in Erlenmeyer flasks. A volume of HPLC grade methanol was added such that the ratio of fresh plant tissue/methanol was 10 mg mL Ϫ1 . The samples were placed in a refrigerator overnight. ilday et al. (1989, 1991) barnyardgrass has also been reported by Navarez and L-7100 pump, and the Hitachi HSM software for data procOlofsdotter (1996), Hasan et al. (1998) , and Kim and essing. Solvent was degassed with an ERC model 3415␣ deShin (1998). We have also observed it routinely in greengasser, and the column was held at 35ЊC with an Eppendorf house bioassays.
D
TC-45 heater. The gradient used 1% acetic acid (vol./vol.) Although the interference may be due to allelopathy, and HPLC grade acetonitrile (acet). The program was 10% there is also the possibility that it may be due to competiacet (vol./vol.) at 1.5 mL min Ϫ1 for 3 min, increased to 50% acet tion or a mixture of competition and allelopathy. Either (vol./vol.) over 27 min at 1.5 mL min
Ϫ1
, increased to 80% acet way, if the trait can be incorporated into agronomically (vol./vol.) at 2 mL min Ϫ1 over 0.1 min and held for 1.9 min, decreased to 10% acet (vol./vol.) over 0.1 min and held for 7.9 useful varieties, fewer hours may be required for manual min, and decreased to 1.5 mL min Ϫ1 over 0.1 min. The total run time was 40 min, and data were collected for the first 30 
Cluster Analysis
by the least-squares estimators. The peaks that were considered to be above background Using the clusters defined by the K-means procedure, the were used for data analysis. This resulted in 20 peaks being first two canonical variables were calculated and plotted to used. The chromatograms from some accessions contained all show the separation among the clusters as clearly as possible 20 peaks; for other accessions, some peaks were absent.
in two dimensions (Krzanowski and Marriott, 1994, p. 91 ). All The set of peak heights from each sample was considered analyses were carried out using SAS (Version 7, SAS Inst., as a point in 20-dimensional space. The peak height data were Cary, NC). subjected to K-means clustering (Hand, 1981, p. 174) for K ϭ 2 to 7 clusters. K-means clustering is a nonhierarchical iterative
Rice Accessions Used
clustering method in which the centroids of the K initial clusters are determined. If any point within a cluster is determined
The rice accessions that were used, and information regardto be closer to the centroid of a different cluster, then that point ing the pedigree, clustering, and weed control activity, when is reassigned to the different cluster. The cluster centroids are known, are listed in Table 1 . then recalculated, and the procedure is repeated until there are no changes in the clusters. The K-means procedure mini-
RESULTS AND DISCUSSION
mizes the sum of squared distances of the observations from their assigned cluster centroids and is analogous to the minimiThe chromatograms were of two main types, as shown in Fig. 1 . The chromatogram for PI 312777 is representa- grams of methanol extracts of rice leaf tissue from PI 312777 and § Two replications were in the group without parentheses, and one replication was in the group in parentheses. the inactive set. If a peak were found to be significantly higher in the allelopathic set, it might be related to the effect. The problem with this approach is that there may be numerous peaks in the chromatograms that need to be compared. At a level of significance of P ϭ 0.05, the risk of falsely finding a significant difference when there is none is approximately one minus (0.95) n , where n is the number of peaks being compared. If, as in our case, 20 peaks were being compared, we would falsely find significant differences 64% of the time even if there were no difference in the size of any of the pairs of peaks. To avoid this problem, our approach has been to use all 20 peaks in the chromatogram to determine a point in 20-dimensional space, and then use cluster analysis to see if the points are in different clusters.
K-means clustering for two clusters did not separate did not. The results for K ϭ 3 clusters are shown in Fig.  3 where the isolated Cluster 3 contains those accessions that so far have shown activity. The other two clusters in differing amounts. The chromatograms in Fig. 1 and represent more of a division of a cloud of data points 2 show that there may be up to nine peaks that appear rather than two well-separated groups. The results for to differentiate the chromatograms of the PI 312777 K ϭ 4, 5, and 6 clusters showed further division of the extracts from those of Rexmont. However, there is some latter into smaller, relatively nondistinct groups. The variability in the peak heights from sample to sample, isolated Cluster 3 containing the accessions showing and the peaks that are responsible for the clustering activity remained intact through K ϭ 6 clusters. For may not be obvious from simple inspection.
K ϭ 7 clusters, the cluster split, but the two newly One analytical approach is to compare each peak from the set showing activity with the same peak from formed clusters were not well-separated. Hence, three clusters appear to be sufficient to separate these 40 raphy is not an inexpensive technique but is widely available. accessions into those showing activity and those that Because the procedure requires only 10 mg of tissue do not.
per milliliter of methanol, it can be done in a nondestrucFor our accessions, we have determined that those tive manner on a rice plant. It remains to be seen if the with known activity are in a cluster by themselves. Howprocedure could be used to identify which plants within ever, for any given set of accessions, there is no guarana cross between two accessions would be most likely to tee that the separation would be so clearly defined behave the highest weed control activity, and would thus cause the range of activity may not be as great as was be the most useful to breeders. found in our group. Moreover, if there is more than one mechanism for growth inhibition, the set of defining
